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EP 0 573 403 B1 

Description 

FIELD OF THE INVENTION 

s This invention relates to metallocene catalysts and their preparation and use in the polymerization of olefins, and 

specifically to a catalyst and a process for preparing catalysts for polymerization of olefins in which an aluminum ionizing 
agent containing a triphenylcarbenium ion is utilized in preparing the catalyst. 

More specifically, the invention relates to the preparation of an olefin polymerization catalyst comprising a metal- 
locene-type catalyst trialkylaluminum and triphenylcarbenium tetrahedral aluminate. 

10 

BACKGROUND OF THE INVENTION 

Alpha olefins, especially propylene, may be polymerized to form polyolefins in various forms: isotactic, syndiotactic 
and atactic. Isotactic polypropylene contains principally repeating units with identical configurations and only a few 

15 erratic inversions in the chain. A syndiotactic polymer contains principally repeating units of exactly alternating stere- 
oisomers. A polymer chain showing no regular order of repeating unit configurations is an atactic polymer. In commercial 
applications, a certain percentage of atactic polymer is typically produced with the isotactic form. 

As disclosed in the relevant art, the structure and properties of syndiotactic polypropylene differ significantly from 
those of isotactic polypropylene. The isotactic structure for polypropylene is typically described as having the methyl 

20 groups attached to the tertiary carbon atoms of successive monomeric units on the same side of a hypothetical plane 
through the main chain of the polymer, e.g., the methyl groups are all above or below the plane. Using the Fischer 
projection formula, the stereochemical sequence of isotactic polypropylene is described as follows: 



30 Another way of describing the structure is through the use of NMR. Bovey's NMR nomenclature for an isotactic 

pentad is ...mmmm... with each u m" representing a "meso" dyad or successive methyl groups on the same side in the 
plane. As known in the art, any deviation or inversion in the structure of the chain lowers the degree of isotacticity and 
crystallinity of the polymer. 

In contrast to the isotactic structure, syndiotactic polymers are those in which the methyl or other groups attached 
35 to the tertiary carbon atoms of successive monomeric units in the chain lie on alternate sides of the plane of the polymer. 
Syndiotactic polypropylene is shown in zig-zag representation as follows: 



40 




45 

Corresponding representations for syndiotactic polyvinylchloride and polystyrene, respectively, are: 
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While it is possible for a catalyst to produce ail three types of polymers, it is desirable for a catalyst to produce 
predominantly isotactic or syndiotactic polymer with very little atactic polymer. Catalysts that produce isotactic poly- 
olefins are disclosed in US Patent Nos. 4,794,096 and 4,975,403. These patents disclose chiral, stereorigid metallocene 
10 catalysts that polymerize olefins to form isotactic polymers and are especially useful in the polymerization of a highly 
isotactic polypropylene. 

As described, for example, in the aforementioned US-A-4,975,403, such chiral stereorigid metallocenes may be 
characterized by the formula: 



R"(C 5 (R') 4 ) 2 MeQ (1) 



In formula i, (C 5 (R') 4 ) is a cyclopentadienyl or substituted cyclopentaidenyl ring; each R' is the same or different and 
is a hydrogen or hydrocarbyl radical having 1-20 carbon atoms; R" is a structural bridge between the two (C 5 (R') 4 ) 
20 rings imparting stereorigidity to said catalyst, and R" is selected from the group consisting of an alkylene radical having 
1-4 carbon atoms, a silicon hydrocarbyl radical, a germanium hydrocarbyl radical, a phosphorus hydrocarbyl radical, 
a nitrogen hydrocarbyl radical, a boron hydrocarbyl radical, and an aluminum hydrocarbyl radical: Me is a group 4, 5, 
or 6 metal as designated in the Periodic Table of Elements; each Q is a hydrocarbyl radical having 1-20 carbon atoms 
or is a halogen; and 0 < p > 3. 

25 Catalysts that produce syndiotactic polypropylene or other syndiotactic polyolefins are disclosed in U.S. Patent 

No. 4,892,851. These catalysts are bridged stereorigid metallocene catalysts. The catalysts have a structural bridge 
extending between dissimilar cyclopentadienyl groups and may be characterized by the formula: 

30 R B (CpRn)(CpR'm)MeQ p (2) 

In formula (2), Cp represents a cyclopentadienyl ring; and R and R' represent hydrocarbyl radicals having 1-20 carbon 
atoms. R" is a structural bridge between the rings imparting stereorigidity to the catalyst: R'm is selected so that (CpR'm) 
is a sterically different substituted cyclopentadienyl ring than (CpRn); n varies from 0 to 4 (0 designating no hydrocarbyl 
groups, i.e, an unsubstituted cyclopentadienyl ring) and m varies from 1-4, MeQ and p are as described above with 
reference to formula (1). The sterically different cyclopentadienyl rings produce a predominantly syndiotactic polymer 
rather than an isotactic polymer. Such bridged structures may be characterized specifically by the foregoing formulas 

(1 ) and (2) in which R" denotes a structural bridge between the cyclopentadienyl groups. As noted previously, in formula 

(2) , at least one cyclopentadienyl group is substituted in a manner such that the two groups are sterically different to 
impart syndiospecificity. Iso-specific structures, as described in the aforementioned patents, U.S. Patents Nos. 
4, 794,096 and 4, 975,403, can be denoted by a formula similar to formula (2) with the exception that the cyclopentadienyl 
groups (C p R n ) and (C p R' m ) in formula (2) are the same. 

EP-A-0 277 003 relates to cationic metallocene catalysts prepared by a proton transfer method. A bis (cyclopen- 
tadienyl) metal compound containing at least one substituent capable of reacting with a proton is combined with a 
second compound having a cation capable of donating a proton and an anion having a plurality of boron atoms. For 
example, the following reaction illustrates the proton transfer procedure: 



Bis (Pentamethylcyclopentadienyl) zirconium dimethyl + 7,8-dicarbaundecaborane -> 
bis (pentamethylcyclopentadienyl) methyldodecahydrido-7,8-dicarbaundecaborato) zirconium + CH 4 

EP-A-0 277 004 also relates to catalysts prepared by a proton transfer method. A bis (cyclopentadienyl) metal 
compound is combined with a second ionic compound having a cation that will irreversibly react with a ligand on the 
metal compound and an anion having a plurality of lipophilic radicals around a metal or metalloid ion. The following 
reaction illustrates this procedure: 
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tri(n-butyl) ammonium tetra(pentaflurophenyl) boron + bis(cyclopentadienyl) zirconium 
dimethyl -> [C p2 ZrMe][BPh f 4] + CH 4 + tri(n-butyl)N 

5 

(Where Ph f= pentafluorophenyl) 

A by-product of the proton transfer reaction is a Lewis base (amine), some of which can coordinate to the cations 
and thus inhibit catalyst activity. In the proton transfer reaction, starting materials must be chosen carefully to avoid 
generating particular amines that can poison catalysts. In addition, the catalyst and the polymer produced with this 
10 catalyst contains undesirable and toxic residual amines. 

In most known metallocene catalyst processes, methylalumoxane (MAO) is added with the metallocene to act as 
a cocatalyst. MAO functions as an alkylating agent which according to one theory of operation also promotes ionization 
of the metallocene catalyst. The cocatalyst can serve as a scavenging agent that reduces the poisons from the reaction 
medium which may decrease catalyst activity. MAO is quite expensive, and its high cost results in increased costs for 
'5 any catalyst system utilizing MAO. 

Bis(cyclopentadienyl) complexes in the presence of MAO polymerize ethylene with high efficiency. The metal in 
such complexes is typically titanium, zirconium, or hafnium, but may be any metal from Group 4, 5, or 6 (new notation) 
of the Periodic Table of Elements. It has been postulated that the active catalyst for this type of soluble Ziegler-Natta 
catalyst involves cationic d° alkyl complexes associated with a labile stabilizing anion (see Jordan et al., J. Am. Chem. 
20 Soc. 1986, 108,7410-7411 and references therein). When employing a stereorigid bridged metallocene in conjunction 
with MAO the resulting catalyst system can be used to polymerize propylene to highly isotactic, hemiisotactic, or syn- 
diotactic forms of propylene. 

As is well known, the soluble metallocene catalyst systems offer several advantages over conventional heteroge- 
neous Ziegler-Natta catalysts including higher catalyst activities, the production of polymers with narrow molecular 
25 weight distributions, and the synthesis of highly syndiotactic polymers which are not possible with conventional cata- 
lysts. It is also well known that high concentrations of MAO are required by metallocene catalyst systems which are 
costly and results in a high polymer ash content requiring additional post-reactor treatment before the polymer can be 
used. 

Group 4 metallocenes in the presence of only trialkylaluminum compounds such as R n AIX 3 . n (where R alkyl X = 

30 halide and n is from 1-3) are not known to polymerize alpha olefins appreciably with the exception of mixtures of 
trimethylaluminum and dimethyl-aluminum fluoride recently reported by Zambelli, Longo, and Grassi, "Isotactic Polym- 
erization of Propene: Homogenous Catalysts Based on Group 4 Metallocenes Without Methylalumoxane" Macromol- 
ecules 1989, 22, 2186-2189. The present invention need not, however, utilize a neutral Lewis acid such as dimethyl- 
aluminum fluoride, and the Zambelli et al. disclosure does not contemplate forming discrete cyclopentadienyl-contain- 

3$ ing metallocene cations. Furthermore, Zambelli et al. do not contemplate triphenylcarbenium aluminum ionizing agents 
as used in conjunction with the present invention. 

The previously mentioned EP-A-0 277 004 describes a method for preparing base free [Cp 2 Zr(CH 3 ] [BPh 4 ] type 
ethylene polymerization catalysts by protonation of a CpgZr (CH 3 ) 2 methyl group with [R 3 NH] [BPh 4 ] in hydrocarbon 
solvent. The Exxon application describes the use of [BPh f 4 ] as a counterion with a stereorigid bridged cationic metal- 

40 locene for the production of isotactic polypropylene. [BPh f 4 ] is equivalent to B(C 6 F 5 ) 4 wherein the phenyl groups are 
fully and completely fluorinated. The Exxon application does not disclose aluminum ionizing agents, however, and 
there is no teaching or indication of any triphenylcarbenium aluminum ionizing agents in EP-A-0 277 003. 

European Patent EP-A-0500944 which corresponds to WO-A-92/01723 discloses a method for polymerizing a- 
olefin by using a catalyst system obtained by reacting a halogenated metallocene compound with an organometallic 

45 compound, and then bringing the resultant reaction product into contact with a compound which will be a stable anion 
by reaction with the above-mentionned reaction product. 

SUMMARY OF THE INVENTION 

50 In accordance with the present invention there is provided a process for the preparation of a cationic metallocene 

catalyst. Furthermore, this invention relates to a process for the polymerization of alpha olefins by providing a cationic 
metallocene catalyst prepared by the reaction of a neutral metallocene ligand containing at least one substituent ca- 
pable of reactions with a carbenium ion and a triphenylcarbenium aluminim ionizing agent. Furthermore, the invention 
relates to a metallocene catalyst. 

55 Accordingly, this invention provides a process for the preparation of a cationic metallocene catalyst effective for 

olefin polymerization, the steps comprising 

a) providing a neutral metallocene olefin polymerization catalyst precursor containing at least one substituent ca- 
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pable of reacting with a carbenium ion and characterized by the formula: 

(Cp')(Cp')MQ k 

5 

wherein: 

Cp' and Cp" and each a cyclopentadienyl ring structure having a cyclopentadienyl or a hydrocarbyl substituted 
cyclopentadienyl group and are the same or different and bridged or unbridged; 
io M is Group 4, 5 or 6 metal; 

Q is a hydride, a halogen, or a hydrocarbyl radical, each Q being the same or different, except only one Q is 
a hydride; and 
k is 2 or 3; 

15 b) providing a triphenylcarbenium aluminum ionizing agent which does not contain an active proton and is char- 

acterized by the formula (Ph 3 C)(AIR n, 4), wherein Ph is a phenyl group or a substituted phenyl group, R BI is an alkyl, 
a hydride, a halogen, an alkoxy, an aryloxy, an aryl group or a substituted aryl group, each FT being the same or 
different, provided that no more than one FT is a hydride; 
c) providing a trialkyl aluminum; and 

20 d) contacting said neutral metallocene, said trialkyl aluminum and said triphenylcarbenium aluminum ionizing agent 

under conditions to cause alkylation and ionization of said neutral metallocene by said triphenylcarbenium alumi- 
num ionizing agent to form an ion pair of a metallocene cation having catalytic activity for olefin polymerization 
and an AIR"^ anion which is not coordinated to the metallocene cation and is chemically unreactive with the met- 
allocene cation, said contacting occurring in an aromatic hydrocabon solvent over a holding time of ten seconds 

25 to sixty minutes prior to contact with an alpha olefin in olefin polymerization. 

Further, this invention provides a process for the polymerization of alpha olefins, comprising: 

a) providing a cationic metallocene catalyst prepared by the reaction of a neutral metallocene ligand and triphe- 
30 nylcarbenium aluminum ionizing agent in the presence of a trialkylaluminum in an aromatic hydrocarbon solvent 

and characterized by the formula: 

[(Cp')(Cp-)MQ L ] + [AIR- 4 ]- 

35 

wherein: 

Cp' and Cp - are each a cyclopentadienyl or a hydrocarbyl substituted cyclopentadienyl group, each Cp' and 
Cp 1 being the same or different; 
40 M is a Group 4, 5, or 6 metal; 

Q is a hydride, a halogen or a hydrocarbyl radical, each Q being the same or different, except only one Q is 
a hydride; 
L is 1 or ; and 

R"' is an alkyl, a phenyl group or a substituted phenyl group, each R d being the same or different; 

45 

and 

b) after a holding period of ten seconds to sixty minutes for the reaction of step (a), contacting said catalyst in a 
polymerzation reaction with an alpha olefin under polymerization conditions to produce polymerization of said 
alpha olefin. 

50 

Unbridged metallocenes in which the cyclopentadienyl rings are free to rotate about their coordination axes can, 
as indicated previously, be used in the polymerization of ethylene. Stereorigid metallocene structures such as the 
bridged isospecific or syndiospecific structures depicted specifically by formulas (1) and (2) above may, of course, be 
used in the polymerization of C 3+ alpha olefins, particularly propylene. In each of these cases, the neutral metallocene 
55 structure may be reacted with a triphenylcarbenium aluminum ionizing agent as indicated below to produce a cationic 
metallocene catalyst depicted by the formula: 
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[(Cp')(Cp") MQ L MAIR'" 4 ]- (4) 

Here, Cp\ Cp", M and Q are as described previously, L is 1 or 2, and R'" is an alkyl, a hydride, a halogen, an alkoxy, 
5 aryloxy, an aryl group or substituted aryl group, each R'" being the same or different, except only one R m is a hydride. 

The neutral metallocene may be substituted with several different groups, including but not limited to hydrocarbons 
such as methyl groups and/or other ring structures. The reulting cation ic metallocene catalysts may comprise Cp groups 
that are the same or different. If the Cp groups are the same, the resulting cationic metallocene catalysts can be used 
to produce isotactic polymer product. If the Cp groups are different, the resulting cationic metallocene catalysts can 
10 be used to produce syndiotactic polymer product. The specific groups substituted on the cyclopentadienyl rings thus 
can be determinative of whether the resulting cationic metallocene catalyst produces isotactic, syndiotactic or atactic 
polymer product. 

The cyclopentadienyl groups may be and probably are bridged to provide isospecific or syndiospecific catalysts. 
Thus, it will be understood that the formula, (Cp') (Cp B ) MC^ is inclusive of metallocene ligand structures which are 

15 substituted in a manner to provide a structural bridge between the cyclopentadienyl groups prior to reaction with the 
triphenylcarbenium ionizing agent to form the ionic complex. 

The present invention involves the use of a discrete aluminum ionizing agent useful as a polymerization catalyst 
when combined with metallocenes. In a preferred embodiment of the invention the triphenylcarbenium aluminum ion- 
izing agent is triphenylcarbenium tetrakis(pentafluorophenyl) aluminate. Furthermore, in the preparation of a cationic 

20 metallocene catalyst in accordance with an embodiment of the invention there is employed a neutral metallocene 
precursor comprising a stereorigid metallocene characterized by a metallocene ligand having two sterically similar or 
dissimilar ring structures joined to a coordinating transition metal atom. The ring structures may or may not comprise 
substituted or unsubstituted cyclopentadienyl groups in a stereorigid relationship relative to the metal atom. In further 
embodiments of the present invention, a structural bridge may extend between similar or dissimilar ring structures as 

25 described above. 

The neutral metallocene may comprise a first cyclopentadienyl ring structure that is substituted or unsubstituted 
and a second cyclopentadienyl ring structure which is substituted and sterically different from the first ring structure. 

The present invention makes MAO unnecessary in some cases, but there may be MAO present in the reaction. 
The present invention further involves the use of a trialkylaluminum compound in conjunction with an aluminum ionizing 
30 agent to alkylate and ionize the neutral metallocene and scavenge basic impurities present in the reaction medium. 

In carrying out the invention, a neutral metallocene is provided in reaction with a triphenylcarbenium aluminum 
ionizing agent and trialkylaluminum. The neutral metallocene, the trialkyl aluminum and the triphenylcarbenium alumi- 
num ionizing agent are contacted under conditions that cause ionization of the metallocene by the triphenylcarbenium 
aluminum ionizing agent thereby forming an ion pair in which the metallocene has catalytic activity for the polymerization 
35 0 f olefins. The trialkylaluminum is employed under conditions that cause alkylation of the metallocene in conjunction 
with ionization by the triphenylcarbenium ionizing agent. The neutral metallocene in the process is characterized by 
the presence of at least two cyclopentadienyl or substituted cyclopentadienyl groups which may be connected through 
a bridging group, and coordinated with a metal atom from Group 4, 5, or 6 (new notation) of the Periodic Table of 
Elements, and having at least two other groups (referred to here as Q groups) coordinated to the metal, which groups 
may be a hydride, a halogen, an amide, or a hydrocarbyl radical. The preferred metal is a Group 4 metal, and most 
preferably zirconium, although titanium, hafnium and Group 5, and 6 metals may also be used. A preferred embodiment 
of the present invention uses a group comprising chlorine, although other groups may be used as well. 

The ionized metallocene is characterized by an aluminum anion group AIR'" 4 which is not coordinated or is only 
loosely coordinated with the metallocene cation, and is chemically unreactive with the cation. The metallocene cation 
contains at least one Q group as described above and preferably a hydride or a hydrocarbyl radical. In the preferred 
embodiment of the invention it is contemplated that the catalyst will be used to polymerize propylene, although ethylene, 
styrene, and other monomers may be polymerized with the present invention. 



40 



45 



50 



55 



DETAILED DESCRIPTION OF THE INVENTION 

The present invention is particularly applicable to bridged stereo-rigid metallocene ligands which are especially 
suitable in the polymerization of alpha olefins to produce stereo-specific polymers, for example, isotactic and syndio- 
tactic polypropylene. It is also applicable to metallocene ligands in which the cyclopentadienyl groups are not bridged. 
Both bridged and unbridged metallocenes are known in the art to be useful in the polymerization and copolymerization 
of ethylene to produce polyethylene and co-polymers such as ethylene-propylene copolymers. With respect to bridged 
stereo-rigid metallocene ligands, they may be the same or different to produce isotactic or syndiotactic polymers. By 
way of example, chiral ethylene bridged bis (indenyl) metallocene structures are useful in the catalysis of polymerization 
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reactions leading to isotactic polypropylene whereas bridged ligand structures such as tsopropyl (cyclopentadienyl) 
(fluorenyl) metallocene ligand structures are useful as catalysts in the production of syndiotactic polypropylene. For a 
description of other metallocene structures to which the present invention may be applied, reference is made to EP- 
A-0423100. 

s Catalysts employing stereorigid cationic metallocene catalyst systems without MAO polymerize propylene with 

high efficiency yielding polymers with low ash content. However, catalyst stereospecificity is reduced relative to the 
MAO based catalyst when certain metallocenes are paired with -BPh f 4 , resulting in polymers of lower crystal linity. Such 
polymers are less desirable. This is especially true for the syndiospecific metallocene iPr[C p (Flu)]ZrCI 2 (where iPr = 
isopropylidene interannular bridge and Flu = fluorenyl group). 
io The present invention provides an alternative anion for use in metallocene reactions that will not adversely affect 

the stereochemistry of the catalyst. The aluminum ionizing agent of the present invention provides a aluminum-based 
metallocene catalyst and process. 

The present invention relates to a discrete aluminum ionic compound useful as a polymerization catalyst when 
combined with metallocenes, a method of preparing catalysts, and a process for using the catalysts for the polymeri- 
as zation of olefins. A preferred specific application of the invention relates to the use of triphenylcarbenium tetrakis (pen- 
tafluorophenyl) [Ph 3 C][AIPh f 4 ] as an ionizing agent. When combined with certain stereorigid metallocenes, for example, 
syndiospecific iPr[C p (Flu)]ZrCI 2 , the resulting metallocene cation -aluminum anion pair provides higher crystallinity 
polymers than those obtained with cationic metallocenes derived from boron-containing anions such as -BPh f 4 . Fur- 
thermore, the catalysts have the advantage of requiring a lower total Al/Zr mole ratio than the MAO based catalysts. 
20 in "Polyfluoroaryl Organometallic Compounds, Part IV. Fluorocarbon Derivatives of Tricovalent Aluminum", 

Chem. Soc. (C), 1967, p. 2185 by Chambers and Cunningham, it was reported that the formation of a white solid 
residue resulting from an anionic aluminum compound was synthesized by the reaction of pentafluorophenyWithium 
with aluminum tribromide in hydrocarbon solvents. Chambers and Cunningham reported the formation of white solid 
residue containing pentafluorophenyl but could not extract any single lithium-aluminum species with a variety of sol- 
25 vents. 

The present invention goes far beyond the activity described in the Chambers article in that the inventors in the 
present case have isolated a triphenylcarbenium aluminum compound, and have shown that such a compound is 
useful in the polymerization of alpha olefins. 

In carrying out the invention there is provided a neutral metallocene characterized by the formula: 

30 

(Cp')(Cp")MQ k (3) 

wherein Cp\ Cp", MQ, and k are as described above. More specific and preferred neutral metallocenes are bridged 
35 metallocenes as characterized by formulas (1 ) and (2) above. In addition there is provided a triphenylcarbenium alu- 
minum ionizing agent which does not contain an active proton. The ionizing agent is characterized by the formula: 

[Ph 3 C][AIR- 4 ] (5) 

40 

In formula (5) Ph is a phenyl group or a substituted phenyl group. R"' may be a hydride, a halogen, or a hydrocarbyl 
radical, more specifically an alkyl or aryl group or an akloxy, aryloxy, or substituted aryl group, each R' being the same 
or different, except only one R" is a hydride. 

The neutral metallocene the trialkyl aluminum, and aluminum ionizing agent are contacted under conditions to 

45 cause ionization of the neutral metallocene by the ionizing agent to form an ion pair comprising a metallocene cation 
having catalytic activity in olefin polymerization and an AIR" 4 anion, the latter being not coordinated or only loosely 
coordinated to the metallocene cation and, chemically unreactive with the metallocene cation. Where R'" is a halogen 
the metallocene is alkylated with a trialkylaluminum such as TEAL 

In the present invention, a cyclopentadienyl metal compound, in which the metal is selected from Group 4, 5 or 6 

50 of the Periodic Table of Elements, said compound containing a Q group which is a hydride, halogen, or hydrocarbyl 
radical, is combined with a triphenylcarbenium aluminum ionizing agent and trialkylaluminum alkylating agent. The 
triphenylcarbenium aluminum ionizing agent does not contain an active proton and when combined, the neutral met- 
allocene compound is ionized by the triphenylcarbenium aluminum ionizing agent to form an ion-pair in which the 
metallocene cation has catalytic activity for the polymerization of an olefin. 

35 Furthermore, the AIR' 4 anion, which is not coordinated or is only loosely coordinated to the metallocene cation, 

is chemically unreactive with the metallocene cation. The transition metal of the metallocene is preferably selected 
from the group consisting of zirconium, hafnium and titanium with zirconium being most preferred followed by hafnium 
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and titanium, respectively. It Is contemplated that other metals of Groups 5 and 6 of the periodic table may serve in 

the present invention, and the present invention should not be limited to any particular metal. 

In a particularly preferred embodiment of the present invention, iPr[Cp(Flu)]ZrCl 2 is utilized in the preparation of 

the catalyst and is contacted with triethylaluminum and [Ph 3 C] [AIPh f 4 ] in toluene solution. These components will be 
s combined at a temperature within the range from 0°C to 50°C. The components will be combined, in an aromatic 

hydrocarbon solvent, preferably toluene. Nominal holding times within the range of from ten seconds to sixty minutes 

will be sufficient to produce the catalyst of this invention. 

In a further aspect of the invention, the catalyst, immediately after formation, is used to polymerize an olefin, 

particularly ethylene or propylene and most preferably propylene, at a temperature within the range from 0°C to 1 00°C 
10 and at a pressure within the range from 1 .7 to 41 .3 bars (25 to 600 psig). It will be understood that other polymers 

besides propylene and ethylene may be polymerized using the catalyst of the present invention, and this disclosure 

should not be construed as limiting polymerization to any particular polymer or monomer. 

Having thus broadly described the present invention and the preferred embodiments thereof, reference is made 

to the following experimental work to further characterize the invention. It will be appreciated that the experimental 
'5 work should not be construed as limiting the invention. The aluminum and metallocene reagents used in the examples 

were either purchased or prepared following published techniques or procedures described below. 

Experimental work respecting the present invention was carried out employing syndiospecific and isospecific met- 

allocenes with two different triphenylcarbenium ionizing agents, (Ph 3 C)(AIPh f 4 ) and (Ph 3 C)(BPh f 4 ), and with methyla- 

lumoxane. The results of this experimental work are set forth in Tables I and II below. The following Example illustrates 
20 the preparation of a preferred triphenylcarbenium ionizing agent, (Ph 3 C)(AIPh f 4 ) used in the experimental work. 

Example 1 

16 mmol of bromopentafluorobenzene were diluted with 60 mL of toluene, cooled to -78°C, and one equivalent of 
25 butyllithium (1 .6 M solution in hexane) was added slowly. Pentafluorophenyllithium precipitated as a white solid during 
the reaction. After stirring for about 2 hrs. at -78°C, 4 mmol of AIBr 3 dissolved in 15 mL of toluene were added slowly. 
The reaction mixture was warmed to room temperature and 4 mmol of triphenylmethyl chloride dissolved in 20 mL of 
methylene chloride were added resulting in an orange slurry. After filtration, solvents were removed from the filtrate in 
vacuo leaving an orange residue. The product was broken up into a yellow powder by stirring over pentane. The 
30 somewhat air sensitive yellow solids were collected on a closed filter and washed for about 1 2 hrs. with boiling hexane 
in an extraction assembly. The yield was 2.45 g of bright yellow powder. The calculated wt parts for C^H^F^Al are: 
C, 54.81 ; H, 1 .62. The amounts found by elemental analysis are: C, 51 .97; H, 1 .62 The molecular structure is charac- 
terized by the following NMR data presented in standard notation: H-NMR (CD 2 CI 2 ); Chemical shifts, in ppm 8.26 (t, 
1H), 7.87 (t, 2H), 7.66 (d, 2H). F-NMR (CD 2 CI 2 ), relative to C 6 F 6 @ - 163.7 ppm int. ref.): -123.6 (2 F), -159.4 (1 F), 
35 -165.5 (2 F). 

The following Examples 2 and 3 which do not illustrate the claimed invention are illustrative of polymerization 
procedures carried out with the preferred triphenylcarbenium ionizing agent, (Ph 3 C)(AIPh f 4 ), and alumoxane, both used 
in conjunction with a syndiospecific metallocene. 

40 Example 2 

5.2 mL of a 0.1 5 M TEAL solution in hexane were added to 1 .3 mg of iPr[C p (Flu)ZrCI 2 slurried in 1 0 mL of toluene 
giving a bright yellow solution. The metallocene solution was added to a dry two liter jacketed autoclave equipped with 
a magnedrive stirrer followed by 1 ,000 mL of propylene. The polymerization was initiated by adding 5.6 mg of [Ph 3 C] 
45 [AIPh f 4 ] as a toluene solution (10 mL) with 400 mL of propylene at room temperature. The catalyst was prepolymerized 
on heating the reactor, with stirring, to the reaction temperature (60° C) within five minutes of [PR 3 C][AIPh f 4 ] addition. 
The polymerization was terminated by venting all un reacted monomer. If the yield was less than 50 g, toluene was 
added to the reaction products and the polymerAoluene slurry was washed with 50/50 methanol/4N HCI solution. The 
aqueous layer was separated and toluene was removed from the polymer with a rotoevaporator. 

so 

Example 3 

0.5 mg of iPr[Cp(Flu)]ZrCI 2 was dissolved in 5.0 mL of a 10 wt% methylalumoxane (MAO) solution in toluene and 
added to a 40 mL stainless steel bomb equipped with ball valves on each end. The average molecular weight of the 
55 MAO was about 1 , 1 00 grams per mole. The catalyst solution was charged to a 2 liter autoclave reactor which contained 
1 liter of propylene at room temperature. The catalyst was prepolymerized on heating the reactor contents, with stirring, 
to reaction temperature (60°C) within five minutes after charging. The polymerization was terminated by venting all 
unreacted monomer. If the yield was less than 50 g, toluene was added to the reaction products and the polymer/ 
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toluene slurry was washed with a 50/50 methanol/4N HCI solution. The aqueous layer was separated and toluene was 
removed from the polymer with a rotoevaporator. 

The results of experimental work carried out employing the syndiospecific metallocene, isopropylidene (cyclopen- 
tadienyl) (9-fluorenyl) zirconium dichloride, are set forth in Table I. The results of the experimental work carried out 

5 employing the isospecific metallocene, ethylene bis(indenyl) zirconium dichloride, are presented in Table II. In each of 
Tables I and II, the quantities of metallocene, of the appropriate catalyst component A as designated in the Table, and 
of TEAL are shown in the first, second and third columns, respectively. The reaction temperature and time are shown 
in the fourth and fifth columns, respectively, and the polymer yield in the sixth column. The intrinsic viscosity and melting 
point are shown in the seventh and eighth columns, respectively and the percent of racemic (Table I) or meso (Table 

10 ||) pentads for the polymer products is shown in the last column of each Table. 



TABLE I 



15 



20 



SYNDIOSPECIFIC iPr[Cp(Flu)]ZrCI 2 PROPYLENE POLYMERIZATION RESULTS 8 ) 


Zirconocene, 


A, mg 


TEAL, mmol 


T, 


t, min. 


Yield, g 


[n]b> dl/g 


m.pt., c )°C 


rrrr, % 


mg 






°C 












A = [Ph 3 C][AIPh f 4 ] 


5.0 


40.0 


2.00 


50 


60 


100 


1.24 


138 


83.7 


1.0 


9.0 


2.00 


50 


30 


15 


1.05 


138 




1.3 


6.0 


0.78 


60 


60 


14 




142 




1.3 


11.2 


0.78 


60 


70 


48 


1.17 


139 




1.3 


16.8 


0.78 


60 


60 


22 




141 




A = [Ph 3 C][BPh' 4 ] 


0.5 


6.0 


0.66 


50 


60 


56 


1.12 


129 


80.0 


0.5 


6.0 


2.00 


50 


60 


47 


1.13 


131 


79.0 


A = MAO 


0.5 


450 


0.00 


50 


60 


39 




140 


85.8 


0.5 


450 


0.00 


60 


60 


138 


1.29 


136 





a ) 1400 mL of liquid propylene. 

b ) [n] results were determined from 135*C decahydronapthalene solutions. 

c ) DSC melting points of samples previously heated to 450 K, held at this temperature for 5 minutes, and cooled at lOK/min with baseline correction. 

d) 13 C-NMR results for 20% (w/w) polymer solutions in 1 ,2,4-trichtorobenzene /<%-Benzene. 



TABLE II 



40 



50 





ISOSPECIFIC Et[lnd] 2 ZrCl s 


PROPYLENE POLYMERIZATION RESULTS 3 ) 




Zirconocene, 


A, mg 


TEAL, mmol 


T, 


t, min. 


Yield, g 


[n],*» dl/g 


rn.pt, °C C ) 


mmmm, % d > 


mg 






°C 












A = [Ph 3 C][AIPh f 4 ] 


5.0 


40.0 


2.00 


50 


60 


56 


0.57 


140 


86.5 


1.3 


11.2 


0.78 


60 


60 


24 


0.63 


141 


85.8 


A - [Ph 3 C][BPh' 4 ] 


0.6 


5.6 


0.78 


60 


30 


27 


0.49 


135 


95.5 


A= MAO 


1.0 


450 


0.00 


60 


30 


97 


0.51 


135 


85.5 | 



a ) 1400 mL of liquid propylene. 

b) [n] results were determined from 1 35* C decahydronapthalene solutions. 

°) DSC melting polnt3 of samples previously heated to 450 K, held at this temperature for 5 minutes, and cooled at lOKAnin with baseline correction. 



55 d ) 1 3 C-NMR results for 20% (W/w) polymer solutions in 1 ,2,4-trichlorobenzene /<%-Benzene. 

From an examination of the data in the foregoing Tables I and II, it can be seen that the activity of the aluminum 
triphenylcarbenium ionizing agent is lower than the activity relating to the use of MAO or boron ionizing agents. Also, 



9 



EP 0 573 403 B1 



it will be recognized that the identity of the catalyst component, whether it be aluminum, boron, or MAO has little effect 
on intrinsic viscosity. The intrinsic viscosity is noted by the quantity [n] as set forth in Table I and Table II. In general, 
it is desirable for the intrinsic viscosity of the polymer product to be about one dl/g or higher. 

The experimental work reported in Table I and Table II indicates that aluminum containing ionizing agents produce 
s polymers that are more crystalline, and more stereoregular than boron. The crystallinity of the polymer is indicated by 
the melting point figures in Table I and Table II. It can be seen that, in general, the runs with an aluminum based catalyst 
component in Table 1 1 show a higher melting point, and a correspondingly higher crystallinity, than catalyst components 
produced with the boron ionizing agent or with MAO. With regard to the syndiospecific results in Table I, the same 
general relationship is observed. 

10 

Claims 

1 . A process for the preparation of a cationic metallocene catalyst effective for olefin polymerization, the steps com- 
*s prising 

a) providing a neutral metallocene olefin polymerization catalyst precursor containing at least one substituent 
capable of reacting with a carbenium ion and characterized by the formula: 

(Cp')(Cp")MQ k 

wherein: 

25 Cp' and Cp M are each a cyclopentadienyl ring structure having a cyclopentadienyl or a hydrocarbyl sub- 

stituted cyclopentadienyl group and are the same or different and bridged or unbridged; 
M is Group 4, 5 or 6 metal; 

Q is a hydride, a halogen, or a hydrocarbyl radical, each Q being the same or different, except only one 
Q is a hydride; and 
30 k is 2 or 3; 

b) providing a triphenylcarbenium aluminum ionizing agent which does not contain an active proton and is 
characterized by the formula (Ph 3 C)(AIR"' 4 ), wherein Ph is a phenyl group or a substituted phenyl group, R"' 
is an alkyl, a hydride, a halogen, an alkoxy, an aryloxy, an aryl group or a substituted aryl group, each R M ' being 

35 the same or different, provided that no more than one R"' is a hydride; 

c) providing a trialkyl aluminum; and 

d) contacting said neutral metallocene, said trialkyl aluminum and said triphenylcarbenium aluminum ionizing 
agent under conditions to cause alkylation and ionization of said neutral metallocene by said triphenylcarbe- 
nium aluminum ionizing agent to form an ion pair of a metallocene cation having catalytic activity for olefin 

4 ° polymerization and an AIR M ' 4 anion which is not coordinated to the metallocene cation and is chemically un- 

reactive with the metallocene cation, said contacting occurring in an aromatic hydrocarbon solvent over a 
holding time of ten seconds to sixty minutes prior to contact with an alpha olefin in olefin polymerization. 

2. The process of claim 1, wherein said neutral metallocene is a stereorigid metallocene characterized by a metal- 
45 locene ligand having two sterically similar or dissimilar ring structures joined to a coordinating transition metal 

atom, each of said ring structures being in a stereorigid relationship relative to said coordinating transition metal 
atom to prevent rotation of said ring structure about said metal atom. 

3. The process of Claim 2, wherein said neutral metallocene is characterized by a structural bridge extending between 
so said similar or dissimilar ring structures. 

4. The process of Claim 3, wherein said neutral metallocene comprises a first cyclopentadienyl ring structure which 
is substituted with a hydrocarbyl group or unsubstituted and a second cyclopentadienyl ring structure which is 
substituted with a hydrocarbyl group which is sterically different from said first cyclopentadienyl ring structure. 

55 

5. The process of Claim 4, wherein the transition metal of said neutral metallocene is a Group 4 or Group 5 metal 
from the Periodic Table of Elements. 
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6. The process of Claim 5, wherein said transition metal is titanium, zirconium or hafnium. 

7. The process of Claim 1 , wherein M is a Group 4 metal chosen from the group consisting of titanium, zirconium 
and hafnium. 

5 

8. The process of Claim 7, wherein M is hafnium. 

9. The process of Claim 7, wherein M is zirconium. 

io 10. The process of Claim 9, wherein each Q is a hydride or hydrocarbyl radical. 

11. The process of Claim 10, where each R"' is a pentafluorophenyl group. 

12. The process of Claim 11 , where each Q is an alkyl group. 

75 

13. The process of Claim 1 , wherein the ion pair produced in step (d) is characterized by the formula: 

[(Cp')(Cp") MQJ + [AIR"' 4 ]" 

20 

wherein: 

CP', Cp", Q, and R"' are as defined in Claim 1 ; 
L is 1 or 2; and 

25 the [AIR H, 4 ]' anion is not coordinated or is only loosely coordinated with the metallocene cation and is chemically 

unreactive therewith. 

14. The process of claim 13 wherein said aromatic hydrocarbon solvent is toluene. 

30 15. A process for the polymerization of alpha olefins, comprising: 

a) providing a cationic metallocene catalyst prepared by the reaction of a neutral metallocene ligand and 
triphenylcarbenium aluminum ionizing agent in the presence of a trialkylaluminum in an aromatic hydrocarbon 
solvent and characterized by the formula: 

35 

[(Cp')(Cp tt )MQ L ] + [AIR-' 4 r 

wherein: 

40 

Cp' and Cp" are each a cyclopentadienyl or a hydrocarbyl substituted cyclopentadienyl group, each Cp* 
and Cp" being the same or different; 
M is a Group 4, 5, or 6 metal; 

Q is a hydride, a halogen or a hydrocarbyl radical, each Q being the same or different, except only one 
45 Q is a hydride; 

L is 1 or 2; and 

R" is an alkyl, a phenyl group or a substituted phenyl group, each R u being the same or different; 

and 

50 b) after a holding period of ten seconds to sixty minutes for the reaction of step (a), contacting said catalyst 

in a polymerization reaction with an alpha olefin under polymerization conditions to produce polymerization of 
said alpha olefin. 

16. The process of Claim 15, wherein M is a Group 4 metal chosen from the group consisting of titanium, zirconium, 
55 and hafnium. 

17. The process of Claim 16, wherein M is zirconium. 
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18. The process of Claim 17, wherein the alpha olefin is propylene. 



Patentanspruche 

5 

1 . Verfahren zur Herstellung eines fur die Olefinpolymerisation wirksamen kationischen Metallocenkatalysators, urn- 
fassend die Schritte: 

a) Bereitstellen eines neutralen Metallocen-Olefin-polymerisations-Katalysatorvorlaufers, der mindestens ei- 
10 nen Substituenten enthalt, der in der Lage ist mit einem Carbeniumion zu reagieren, und gekennzeichnet ist 

durch die Formel: 

(CP')(Cp')MQ k , 

75 

in der: 

jedes Cp' und Cp M eine Cyclopentadienylringstruktur mit einer mit Cyclopentadienyl- oder einer Kohlen- 
wasserstoffgruppesubstituierten Cyclopentadienylgruppeist, und diesegleich oder verschieden undverb- 
20 ruckt oder unverbruckt sind; 

M ein Metall der Gruppe 4, 5 oder 6 ist; 

Q ein Hydrid, ein Halogen oder ein Kohlenwasserstoffrest ist, wobei jedes Q gleich oder verschieden ist, 
mit der Ausnahme, da(3 nur ein Q ein Hydrid ist; und 
k 2 oder 3 ist; 

25 

b) Bereitstellen eines Triphenylcarbeniumaluminium-lonisierungsagens, das kein aktives Proton enthalt und 
gekennzeichnet ist durch die Formel (Ph 3 C)(AIR" 4 ) l in der Ph eine Phenylgruppe oder eine substituierte Phe- 
nylgruppe ist, FT eine Alkyl-, eine Hydrid-, eine Halogen-, eine Alkoxy-, eine Aryloxy-, eine Arylgruppe oder 
eine substituierte Arylgruppe ist, wobei jedes FT gleich oder verschieden ist, mit der MaBgabe, daB nicht mehr 

30 als ein FT ein Hydrid ist; 

c) Bereitstellen eines Trialkylaluminiums; und 

d) Kontaktieren des neutralen Metallocens, des Trialkylaluminiums und des Triphenylcarbeniumaluminium- 
lonisierungsagens unter Bedingungen, die die Alkylierung und lonisierung des neutralen Metallocens durch 
das Triphenylcarbeniumaluminium-lonisierungsagens bewirken, um ein lonenpaar eines Metallocenkations 

35 mit katalytischer Aktivitat fur die Olefinpolymerisation und eines AIR"' 4 -Anions, das nicht mit dem Metallocen- 

kation koordiniert ist und mit dem Metallocenkation chemisch nicht reagiert, zu bilden, wobei das Kontaktieren 
in einem aromatischen Kohlenwasserstofflosungsmittel fur eine Standzeit von zehn Sekunden bis sechzig 
Minuten vor dem Kontakt mit einem alpha-Olefin bei einer Olefinpolymerisation stattfindet. 

40 2. Verfahren nach Anspruch 1 , in dem das neutrale Metallocen ein sterisch starres Metallocen ist, gekennzeichnet 
durch einen Metallocenliganden mit zwei an ein koordinierendes Ubergangsmetallatom gebundenen, sterisch ahn- 
lichen oder unahnlichen Ringstrukturen, wobei jede der Ringstrukturen sich zum koordinierenden Ubergangsme- 
tallatom in einer sterisch starren Position befindet, um die Rotation der Ringstruktur am Metallatom zu vemindern. 

45 3. Verfahren nach Anspruch 2, in dem das neutrale Metallocen gekennzeichnet ist durch eine strukturelle Brucke, 
die sich zwischen den ahnlichen oder unahnlichen Ringstrukturen erstreckt. 

4. Verfahren nach Anspruch 3, in dem das neutrale Metallocen eine erste Cyclopentadienylringstruktur, die mit einer 
Kohlenwasserstoff gruppe substituiert Oder unsubstituiert ist, und eine zweite Cyclopentadienylringstruktur, die mit 

50 einer Kohlenwasserstoffgruppe substituiert ist, die sich von der ersten Cyclopentadienylringstruktur sterisch un- 

terscheidet, aufweist. 

5. Verfahren nach Anspruch 4, in dem das Ubergangsmetall des neutralen Metallocens ein Metall aus der Gruppe 
4 oder der Gruppe 5 des Periodensystems der Elemente ist. 

55 

6. Verfahren nach Anspruch 5, in dem das Ubergangsmetall Titan, Zirkonium oder Hafnium ist. 

7. Verfahren nach Anspruch 1 , in dem M ein Metall der Gruppe 4, ausgewahlt aus der Gruppe, bestehend aus Titan, 
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10 



15 



Zirkonium und Hafnium, ist. 

8. Verfahren nach Anspruch 7, in dem M Hafnium ist 

9. Verfahren nach Anspruch 7, in dem M Zirkonium ist. 

10. Verfahren nach Anspruch 9, in dem jedes Q ein Hydrid- oder ein Kohlenwasserstoffrest ist. 

11. Verfahren nach Anspruch 10, in dem jedes FT eine Pentafluorphenylgruppe ist. 

12. Verfahren nach Anspruch 11 , in dem jedes Q eine Alkylgruppe ist. 

13. Verfahren nach Anspruch 1, in dem das in Schritt (d) erzeugte lonenpaar gekennzeichnet ist durch die Formel: 

[(Cp')(Cp H )MQ L ]' [AIFT 4 ]- 
in der: 

20 Cp\ Cp", Q und FT wie in Anspruch 1 definiert sind; 

L 1 oder 2 ist; und 

das [AIR"' 4 ] -Anion nicht koordiniert oder nur locker mit dem Metallocenkation koordiniert und mit ihm chemisch 
nicht reaktiv ist. 

25 14. Verfahren nach Anspruch 13, in dem das aromatische Kohlenwasserstofflosungsmittel Toluol ist. 

15. Verfahren zur Polymerisation von alpha-Olefinen, umfassend: 

a) Bereitstellen eines kationischen Metal locenkatalysators, hergestellt durch die Reaktion eines neutralen Me- 
30 tallocenliganden und eines Triphenylcarbeniumaluminium-lonisierungsagens in Gegenwart eines Trialkylalu- 

miniums in einem aromatischen Kohlenwasserstofflosungsmittel und gekennzeichnet durch die Formel: 



35 



[(c P w)MQ L r [airv 

in der: 



jedes Cp' und Cp" eine mit Cyclopentadienyl oder Kohlenwasserstoff substituierte Cyclopentadienylgrup- 
pe ist und jedes Cp' und Cp" gleich oder verschieden ist; 
40 M ein Metall der Gruppe 4, 5 oder 6 ist; 

Q ein Hydrid, ein Halogen oder ein Kohlenwasserstoffrest ist, wobei jedes Q gleich oder verschieden ist, 
mit der Ausnahme, daB nur ein Q ein Hydrid ist; 
L 1 oder 2 ist; und 

R n ' eine Alkyl-, eine Phenylgruppe oder eine substituierte Phenylgruppe ist, wobei jedes R BI gleich oder 
45 verschieden ist; 



und 

b) nach einer Standdauer fOr den Reaktionsschritt (a) von zehn Sekunden bis sechzig Minuten, Kontaktieren 
des Katalysators mit einem alpha-Olefin in einer Polymerisationsreaktion unter Polymerisationsbedingungen, 
50 urn zur Polymerisation des alpha-Olefins zu fuhren. 

16. Verfahren nach Anspruch 15, in dem M ein Metall der Gruppe 4, ausgewahlt aus der Gruppe, bestehendaus Titan, 
Zirkonium und Hafnium, ist. 

55 17. Verfahren nach Anspruch 16, in dem M Zirkonium ist. 

18. Verfahren nach Anspruch 17, in dem das alpha-Olefin Propylen ist. 
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Revendlcations 

1. Proc6de pour la preparation d'un catatyseur cationique de metallocene efficace pour la polymerisation d'oiefines, 
comprenant les etapes consistant a: 

5 

a) procurer un precurseur de catalyseur neutre de metallocene pour la polymerisation d'oiefines contenant au 
moins un substituant capable de r6agir avec un ion carbenium et caract6ris6 par la formule: 

10 (Cp')(Cp")MQ k 

dans laquelle: 

Cp 1 et Cp" represented chacun une structure de noyau cyclopentadienyle poss6dant un groupe cyclo- 
15 pentadienyle ou un groupe cyclopentadienyle portant un ou plusieurs substituants hydrocarbyle, sont 

identiques ou differents et comportent ou non un pont; 
M represente un metal du groupe 4, 5 ou 6; 

Q repr6sente un hydrure, un atome d'halogene, un radical hydrocarbyle, chaque radical Q etant identique 
ou different, avec cette exception qu'un seul radical Q represente un hydrure; et 
20 k represente 2 ou 3; 

b) procurer un agent d'ionisation de triphenylcarbenium-aluminium qui ne contient pas un proton actif et qui 
est caracterise par la formule (Ph 3 C)(AIR n, 4 ) dans laquelle Ph represente un groupe ph6nyle ou un groupe 
phenyle substitue, R" represente un groupe alkyle, un hydrure, un atome d'halogene, un groupe alcoxy, un 

25 groupe aryloxy, un groupe aryle ou un groupe aryle substitue, chaque radical R n ' etant identique ou different 

a condition que pas plus d'un radical R" ne representee un hydrure; 

c) procurer un trialkylaluminium; et 

d) mettre ledit metallocene neutre, ledit trialkylaluminium et ledit agent d'ionisation de triphenylcarbenium- 
aluminium en contact dans des conditions telles que Ton obtient une alkylation et une ionisation dudit metal- 

30 locdne neutre via ledit agent d'ionisation de triph6nylcarbeniumaluminium pour former une paire d'ions d'un 

cation de metallocene possedant une activite catalytique pour la polymerisation d'oiefines et un anion IR"' 4 
qui n'est pas coordonne au cation de metallocene et qui est chimiquement inerte vis-a-vis du cation de me- 
tallocene, ladite mise en contact ayant lieu dans un sorvant d'hydrocarbure aromatique pendant un temps de 
maintien de 10 secondes a 60 minutes avant la mise en contact avec une alpha-oiefine dans un proc6d6 de 

35 polymerisation d'oiefines. 

2. Procede selon la revendication 1 , dans lequel ledit metallocene neutre est un metallocene st6r6origide caracterise 
par un ligand de metallocene poss6dant deux structures de noyaux similaires ou non similaires du point de vue 
sterique, jointes a un atome de coordination de metal transitoire, chacune desdites structures de noyaux se trouvant 

40 en une relation de type stereorigide par rapport audit atome de coordination de metal transitoire pour empdcher 

la rotation de ladite structure de noyau autour dudit atome de metal. 

3. Procede selon la revendication 2, dans lequel ledit metallocene neutre est caracterise par un pont de structure 
s'6tendant entre lesdites structures de noyaux similaires ou non similaires. 

45 

4. Procede selon la revendication 3, dans lequel ledit metallocene neutre comprend une premiere structure de noyau 
cyclopentadienyle qui porte un ou plusieurs substituants hydrocarbyle ou qui est non substitu6e, et une seconde 
structure de noyau cyclopentadienyle portant un ou plusieurs substituants hydrocarbyle, qui est differente du point 
de vue sterique de ladite premiere structure de noyau cyclopentadienyle. 

so 

5. Procede selon la revendication 4, dans lequel le metal transitoire dudit metallocene neutre est un metal du groupe 
4 ou du groupe 5 dans le tableau p6riodique des elements. 

6. Proc6d6 selon la revendication 5, dans lequel ledit metal transitoire est le titane, le zirconium ou le hafnium. 

55 

7. Proc6d6 selon la revendication 1 , dans lequel M represente un metal du groupe 4 choisi parmi le groupe constitu6 
par le titane, le zirconium et le hafnium. 
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8. Procede selon la revendication 7, dans lequel M represente le hafnium. 

9. Procede selon la revendication 7, dans lequel M represente le zirconium. 

s 10. ProcedS selon la revendication 9, dans lequel chaque radical Q represente un hydrure ou un radical hydrocarbyle. 

11. Procede selon la revendication 10, dans lequel chaque radical FT represente un groupe pentafluorophenyle. 

12. Proced6 selon la revendication 11 , dans lequel chaque radical Q represente un groupe alkyle. 

10 

13. Procede selon la revendication 1 , dans lequel la paire d'ions obtenue a I'Stape (d) est caract6ris6e par la formule: 

[(Cp')(Cp-)MQJ + [AIR-' 4 ]- 

15 

dans laquelle: 

Cp\ Cp", Q et R'" sont tels que d^finis a la revendication 1; 
L represente 1 ou 2; et 

20 I'anion [AIR"' 4 ]- n'est pas coordonn6 ou est seulement taiblement coordonne au cation de m6tallocene tout en 

6tant chimiquement inerte vis-a-vis de ce dernier. 

14. Precede selon la revendication 1 3, dans lequel ledit solvant d'hydrocarbure aromatique est le toluene. 
25 15. Procede pour la polymerisation d'alpha-olefines, comprenant le fait de: 

a) procurer un catalyseur de metallocene cationique prepare par la mise en reaction d'un ligand neutre de 
metallocdne et d'un agent d'ionisation de triphenylcarbenium-aluminium en presence d'un trialkylaluminium 
dans un solvant d'hydrocarbure aromatique et caractSrise par la formule: 

30 

t(Cp')(Cp-)MQ L ] + [AIR-' 4 ]' 

dans laquelle: 

35 

Cp' et Cp" representent respectivement un groupe cyclopentadienyle ou un groupe cyclopentadi6nyle 
portant un ou plusieurs substituants hydrocarbyle identiques ou differents, chaque radical Cp' et Cp" etant 
identique ou different; 

M represente un metal du groupe 4, 5 ou 6; 
40 Q represente un hydrure, un atome d'halogene ou un radical hydrocarbyle, chaque radical Q 6tant iden- 

tique ou different, avec cette exception qu'un seul radical Q repr6sente un hydrure; 
L represente 1 ou 2; et 

R"' represente un groupe alkyle, un groupe phenyle ou un groupe phenyle substitu6, chaque radical R"' 
etant identique ou different; 

45 

et 

b) apres une p^riode de maintien de 10 secondes a 60 minutes pour la reaction de I'etape (a), mettre en 
contact ledit catalyseur dans une reaction de polymerisation avec une alpha-olefine dans des conditions de 
polymerisation pour obtenir la polymerisation de ladite alpha-olefine. 

50 

1 6. Procede selon la revendication 1 5, dans lequel M represente un metal du groupe 4 choisi parmi le groupe constitue 
par le titane, le zirconium et le hafnium. 

17. Precede selon la revendication 16, dans lequel M represente ie zirconium. 

55 

18. Procede selon la revendication 17, dans lequel l'alpha-ol6fine est le propylene. 
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